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ABSTRACT: A video signal enhancement system is disclosed 
for enhancing the signal component representing the 
brightness of scene elements in a low contrast scene, wherein 
overall scene contrast is represented by a slowly varying DC 
component of an amptitude-modulated carrier frequency and 
the element brightness by one cycle of the carrier frequency. 
The system includes in addition to input/output and inter- 
mediate filters, an automatic signal range control circuit, 
which acts as a high pass filter to reduce the effect of the low 
frequency signal component. 
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VIDEO SIGNAL ENHANCEMENT SYSTEM WITH 

DYNAMIC RANGE COMPRESSION AND MODULATION 

INDEX EXPANSION 

ORIGIN OF INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42 USC 

2457). 


BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention generally relates to video information 
processing and, more particularly, to improvements in a video 
information-processing system designed to enhance video in- 
formation which represents a low contrast scene. 

2. Description of the Prior Art 

Video signals, such as those typically generated by a 
spacecraft-borne television system, which consists of a tele- 
scopic objective and an ultraslow scan vidicon, used to scan a 
scene of interest, are generally in the form of an amplitude 
modulated carrier signal. The video information is 
represented by the modulated envelope which is formed by 
the peaks of the carriers. Each picture element is represented 
by one cycle of the carrier signal. 

Basically, the modulated carrier contains a slowly varying 
DC component which represents the average scene illumina- 
tion, and a rapidly changing or high frequency component 
represents the change in brightness within the scene. Typi- 
cally, the modulated signal is recorded in analogue form in the 
spacecraft for subsequent playback, when the information is 
transmitted to a ground receiver for interpretation or other 
use. 

When the scene which is scanned is of low contrast, such as 
that anticipated for some of the planets, for example. Mars, 
the amplitude variation of the high frequency component of 
the modulated signal is very small, since the difference in 
brightness or illumination between adjacent scene elements is 
small. A danger exists that the combined tape recording and 
playback noise may completely obscure this high frequency 
component, which would result in the loss of the detailed fea- 
tures of the scanned scene. Thus, a need exists for a system 
which would enhance the high frequency component of such 
video signals prior to recording. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is a primary object of the present invention to provide im- 
provements in a video information-processing system. 

Another object of the present invention is to provide an im- 
proved video information-processing system in which the in- 
formation representing brightness of scene elements is 
enhanced. 

A further object of the present invention is to provide a 
television signal enhancement system for enhancing video in- 
formation, representing brightness changes within a scanned 
scene, before recording to prevent such information from 
becoming lost, due to system and recording noise. 

Still another object of the present invention is to provide a 
system for enhancing video signals of the type generated in a 
spacecraft-borne television system which consists of a tele- 
scopic objective and an ultraslow scan vidicon, in which the 
video information is represented by an amplitude-modulated 
carrier signal. 

These and other objects of the invention are achieved by 
providing a system comprising an input band-pass filter, an au- 
tomatic signal range control circuit, a signal filter, a modula- 
tion index expander and an output low-pass filter. The func- 
tion of the input band-pass filter is to prevent noise, outside of 
a passband which includes a carrier frequency and its two in- 
formation-carrying sidebands, from passing through it. The 
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automatic signal range control circuit acts as a hi] 
to reduce the amplitude of the low frequency component of 
the modulated carrier, without affecting the high frequency 
amplitude modulation. Because of the reduction in the low 
frequency output of the automatic range control circuit, the 
signal range at the range control circuit output is greatly com- 
pressed. 

The output of the automatic signal range control circuit is 
supplied to the modulation index expander, through a signal 
filter whose basic function is to attenuate second and higher 
harmonics of the carrier frequency that may have been 
generated by the signal range control circuit. The modulation 
index expander is used to increase signal modulation, which 
j j also results in an increase in the amplitude of the high frequen- 
cy signal component relative to the carrier signal. In essence it 
expands the AC signal component. The output of the modula- 
tion index expander is then passed through an output low-pass 
filter whose basic function is to attenuate or filter out second 
20 or higher order harmonics of the carrier frequency which may 
have been generated in the modulation index expander. 

The novel features of the invention are set fort.h with par- 
ticularity in the appended claims. The invention wili best be 
understood from the following description when read in con- 
25 junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of the invention; 

FIGS. 2 through 8 are curves which are useful in explaining 
the performance of various circuits, shown in block form, in 
FIG. 1; 

FIG. 9 is a multiline diagram of the waveforms of one exam- 
ple of input and output signals in conjunction with the present 
invention; and 

FIG. 10 is a schematic diagram of one embodiment of the 
modulation index expander, shown in FIG. 1 . 
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DESCRIPTION OF THE PREFERRSr E 

Reference is now made to FIG. 1 wh'c) "■ 
of the novel video information enhance tc 
present invention, designated by numer^. Q i , 
n acted between an input terminal 11 arc £ i t 
12. Terminal 11 is assumed to be c( " - 
video information which represents a !o ' co" * s 
as a space-borne TV unit IS. Output termna’ 1' a 
be connected to a utilization device, si v c 't " 
recorder, which is designated by numer? n 6 

The video information enhancement s; eferr cc 
input band-pass filter 21 which is supoaec ’n r 
received at input terminal 11. The npa 
function is to attenuate or filter out no" , rc a 
band-pass, which includes a modulatec c '■ c" " 
two information-carrying sidebands, ha' ' " ' 
to an automatic signal range control cr ci ii ’ 
of circuit 23 is to act as a high pass or " U’* ' 
carrier frequency in order to attenuate lo ■ "■ --c' 
ponents thereat. 

Basically, circuit 23 acts as a signal — ■'» 
tially reducing the dynamic range of the rt:'. t c 
tion. Consequently, the output signal arroi aoo " 
presented to the recorder 16 is subs i"* 
achieve linear recording thereof. Tc 
higher order harmonics of signals, wh; c 
circuit 23, from propagating through 1 - 
10, a signal filter 25 is placed in the pat'"' " ' oi 
from circuit 23, which are directed tc 
pander 27. The function of expander 27 -s o , — v 
modulation index, as well as the amp 
current (AC) signal relative to the ca" ' " 
second and higher order harmonics, g"' 

27, from reaching output terminal 1' 
recorder 16, the output of expander T - ' -r • 
terminal 12 through an output low-pass 
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The operations of the filters and circuits hereinbefore 
described, may better be explained in conjunction with FIGS. 

2 through 8, FIGS. 2, 6 and 8 are curves representing the 
frequency attenuation characteristics of several of the filters, 
while FIGS. 3 and 4 represent the frequency transfer charac- 
tirristics of the control circuit 23. FIGS. 5 and 7 are curves 
representing input/output characteristics of the control circuit 
23 and modulation index expander 27, respectively. For ex- 
planatory purposes, it is assumed that the amplitude modu- 
lated carrier has a frequency of 19 kHz. with an upper side- 
band of 25kHz. and a lower sideband of 1 3kHz. 

To accommodate the passband between at least 1 3kHz. and 
25kHi., the input band-pass filter 21, is centered about the 
carrier frequency and has a sufficiently broad bandwidth to 
enable the carrier and its sidebands to pass therethrough, 
while attenuating noise signals above and below the frequency 
limits. The output of filter 21 is supplied to the control circuit 
23, whose frequency characteristics are diagrammed in FIGS. 

3 and 4. Basically, control circuit 23 attenuates the frequen- 
cies slightly above and below the carrier frequency fc while 
permitting the rest of the frequencies, passing through the 
filter 21, to propagate therethrough unaffected. Thus, circuit 
23 may be thought of as either a high pass filter, or alternately 
as a notch filter about the carrier frequency fc. The notch is 
uss tmateJ m FIG 3 by numeral 30. 

riG i-r ';rcs>'nts an expanded view of the low frequency at- 
;'’-ari,cr ’'tjduccd bv the control circuit 23. The input/out- 
. 1 ,, j; control circuit 23 are diagrammed in 

V, " 'r'l an input signal range of 30 millivolts to 4 
, • ’ - a c r.ia! range control circuit 23 compresses 
; n output range of 2.8 volts to 4 volts. 

, I on ratio of better than 3 is obtained. By 

•’ -j- If t f‘f dynamic range of the input video signal, 

' I ' I'm lude range which is presented to the 

’ -_fl. td significantly. By reducing the am- 

' ' signals, which are received by the 

-I 2 - ' ’ ' ’■prording is easily attained. 

1 ' ' dnose familiar with the art, the control 

- notch filter may generate second and 

v> ” ■nc’' S.J of the carrier frequency. To inhibit 

' I j c ' ' iiencies from advancing through system 
1 1 ’d - frequency characteristics of the filter 

' ■ 1 -oass filter, are diagrammed in FIG. 6. 

f 1 .v-n. filter 25 passes frequencies up to and in- 

: -r 0-1 >ci ' ideband of the carrier frequency, i.e., 
./ f -1 ' . ’• 1.0 '5. bs'.ontiaUy insignificant attenuation, while 
! i^.t- f-s 5 uc ’CK'S art greatly attenuated. Thus, any second or 
ughc' orcei narmon<cs of the carrier frequency which may 
have been generated in circuit 23, are inhibited from passing 
to the modulation index expander 27. 

T.hc input/output characteristics of the modulation index 
expander are diagrammed in FIG. 7. As an example to illus- 
trate the expander’s characteristics, a 10 percent modulated 
signal which contains an average signal amplitude of 3.0 volts 
and a high frequency component of 0.3 volt is supplied as 
input to expander 27. Such an input signal has an average, 
makiinum envelope and minimum envelope amplitude of 3.0 
volts, 3.3 volts and 2.7 volts, respectively. Expander 27 in turn 
provides an output of a 30 percent modulated signal which 
contains an average signal amplitude of 3.2 volts and a max- 
iimtin and minimum envelope amplitude of 4.25 volts and 
2.30 volts to form a high frequency component of 0.98 volts. 
Therefore, expander 27 produces an increase of the signal 
modulation by a factor of three. 

The output of expander 27 is supplied to the recorder 16 
through the output low-pass filter 29 whose frequency charac- 
teristics a.re diagrammed in FIG. 8. Actually, filter 29 is similar 
to filter 2S in that it acts as low-pass filter, permitting the carri- 
er frequency and its two sidebands to pass therethrough with 
minimum of attenuation, while attenuating second and higher 
order harmonics of the carrier frequency. 

Eeference is now made to FIG. 9, wherein line a represents 
art, example of a carrier-modulated signal of the type which 
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may be applied at input terminal 11, while line b represents 
the enhanced output at output terminal 12. From a com- 
parison of the two lines, it should be appreciated by those 
familiar with the art, that while the slowly varying DC com- 
5 ponent of the modulated signal, which represents the average 
scene illumination, is not materially affected, the high 
frequency component, which represents changes in brightness 
between one scene element and another, is greatly enhanced. 

It should further be apparent to those familiar with the art 
that in light of the foregoing description, each of the circuits 
or filters, diagrammed in block form in FIG. I, may be easily 
implemented with state of the art devices and techniques. 
Furthermore, the specific implementation would depend on 
, the carrier frequency and its two information sidebands. One 
example of an embodiment of the modulation index expander 
27 is shown in FIG. 10 to which reference is made herein. The 
specific example represents an actual reduction to practice of 
the expander, in which the modulation index of the output 
2Q signal is expanded by a factor of three. The particular ex- 
pander is designed to respond to an input signal range varying 
between approximately 2.6 volts and 4 volts, and supplying an 
output range varying between 2 volts to 8 volts. 

Although particular embodiments of the invention have 
25 been described and illustrated herein, it is recognized that 
modifications and variations may readily occur to those skilled 
in the art and consequently it is intended that the claims be in- 
terpreted to cover such modifications and equivalents. 

1 claim; 

30 1. In a video system of the type including a video camera for 

providing video signals in the form of amplitude-modulated 
carrier signals, said modulated signals defining a slowly vary- 
ing direct current signal component, representing the average 
scene illumination, and a high frequency component, 
35 representing the change in illumination between scene ele- 
ments, with each cycle of said carrier signals representing the 
brightness of an element with said scene, the system further in- 
cluding utilization means which utilize the video signals from 
said camera, the improvement comprising video signal 
enhancement means coupled between said camera and the 
utilization means and including automatic signal range control 
means for compressing the video signal range supplied to said 
video signal enhancement means, and modulation index-ex- 
panded means coupled to and responsive to the output of said 
automatic signal range control means for expanding modu- 
lated signals supplied thereto. 

2. The video system as recited in claim 1 wherein, said 
enhancement means include an input band-pass filter coupled 
between the input of .said enhancement means and said auto- 
matic range control means for inhibiting noise signals of 
frequencies above and below a selected band-pass which in- 
cludes the carrier signal frequency and its sidebands, from af- 
fecting the operation of said enhancement means, said 
55 enhancement means further include an output low-pass filter 
coupled between said modulation index-expanding means and 
said utilization means for inhibiting high order harmonics of 
signals, generated in said enhancement means, from advanc- 
ing to said utilization means. 

60 3- a video signal system wherein, the system responds to 

video signals in the form of amplitude-modulated carrier 
signals which represent a scene illumination, with a slowly 
varying direct-current signal component representing the 
average scene illumination, and the amplitude of each carrier 
65 signal represents the illumination of an element within the 
scene, a video signal enhancement system comprising: 

input means responsive to said video signals and including 
range control means for compressing dynamic range of 
the video signals supplied thereto; and 
70 output means including moduiation index-expanding means 
responsive to the video signals of reduced dynamic range, 
supplied thereto by said range control means for expand- 
ing the index of modulation of the modulated ca.rrier 
signals prior to providing an output suppiiable to video 
7 5 signal utilization means. 
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4. The video signal enhancement system as recited in claim 

3 further including an input band-pass filter in said input 
means for minimizing noise signals of frequencies above and 
below tlie carrier frequency and its sidebands from affecting 
said range control means, and said output means further in- 
cluding a iow-pass filter connected between said modulation 
index-expanding means and said utilization means for inhibit- 
ing high order harmonics of said carrier frequency, generated 
in said modulation index expander, from advancing to said 
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utilization means. 

5. The video signal enhancement system -ts ■’c- 
4 further including a filter connected be.-veen -.c c 
^ troi means and said modulation index exmard -ig r-r 
■' hibiting high order harmonics of said cc’ •e-' ■re'" u'’ 
may be generated in said range control mca^ ? ‘ c 
said modulation index expanding means. 
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